Objective-To assess the predictive impact of morphological, haemodynamic, and clinical variables in the management of patients with isolated ventricular septal defect. Design-Retrospective analysis of variables by a sophisticated database management system. Patients and methods-263 consecutive patients with isolated ventricular septal defect diagnosed by echocardiography. The morphological type and haemodynamic character of the ventricular septal defect was characterised in each patient. In addition, variables were introduced to represent the need for diuretics, growth, and potential delay in growth. In 43 patients (16-3%) the ventricular septal defect was closed surgically; 220 patients (83.7%) were managed conservatively and spontaneous closure of the ventricular septal defect occurred in 65 (29-5%). There were no deaths. Results-AJl patients managed surgically had non-restrictive defects and were operated on during the first year of life. A few patients with non-restrictive defects were managed conservatively. The two groups differed significantly only with respect to mean growth delay (0-65 (0 27) v 0-9 (0-21), P < 0*001). Only the morphology of the ventricular septal defect significantly (P < 0-001) influenced the probability of closure. Conclusions-Findings imply that early surgical closure of ventricular septal defect is indicated in patients with nonrestrictive ventricular septal defect and severe growth delay. Other patients should be managed conservatively. In these patients the morphological type of the defect determines the probability of spontaneous closure and provides an estimate of the period over which decrease in size or closure can be expected. (Br Heart 1995;73:49-52) 
patients with isolated ventricular septal defect diagnosed by echocardiography. The morphological type and haemodynamic character of the ventricular septal defect was characterised in each patient. In addition, variables were introduced to represent the need for diuretics, growth, and potential delay in growth. In 43 patients (16-3%) the ventricular septal defect was closed surgically; 220 patients (83.7%) were managed conservatively and spontaneous closure of the ventricular septal defect occurred in 65 (29-5%). There were no deaths. Results-AJl patients managed surgically had non-restrictive defects and were operated on during the first year of life. A few patients with non-restrictive defects were managed conservatively. The two groups differed significantly only with respect to mean growth delay (0-65 (0 27) v 0-9 (0-21), P < 0*001). Only the morphology of the ventricular septal defect significantly (P < 0-001) influenced the probability of closure. Conclusions-Findings imply that early surgical closure of ventricular septal defect is indicated in patients with nonrestrictive ventricular septal defect and severe growth delay. Other patients should be managed conservatively. In these patients the morphological type of the defect determines the probability of spontaneous closure and provides an estimate of the period over which decrease in size or closure can be expected. Non-restrictive ventricular septal defect giving rise to cardiac failure is generally accepted as an indication for surgery. The timing of surgery, however, is still controversial, mainly because of the risks of developing pulmonary vascular obstructive disease and the probability of spontaneous closure of the defect."-3 Other influences are local experience with early primary repair and the infrastructure for postoperative care.' 4 Only a minority of patients with isolated ventricular septal defect will ultimately require surgical intervention. Such defects tend to close spontaneously. In several studies the morphological type of the defects has been identified as the most important determinant of spontaneous closure.25 Although there is consensus on these qualitative aspects, quantitative insight into the probability of closure over time is generally lacking.
To gain more insight into the variables that determine the management of patients with isolated ventricular septal defect we studied retrospectively a series of 263 such patients. We identified variables that may have determined or influenced the observed treatment, and we assessed the natural course of ventricular septal defect in relation to its morphological type and size in patients who were managed conservatively. Ventricular septal defects were classified as muscular (n = 105), perimembranous (n = 95), perimembranous with extension to either inlet or outlet parts of the interventricular septum (n = 36), or subarterial (n = 4). In 23 patients the ventricular septal defect was characterised as small with no other details. To measure the haemodynamic importance of the ventricular septal defect each defect was characterised as either restrictive or non-restrictive according to Doppler echocardiographic data or, when available, measurements obtained during diagnostic catheterisation. The pressure gradient across the ventricular septal defect was calculated from the maximum flow velocity across it according to a version of the Bernoulli equation; when it was less than 10 mm Hg the ventricular septal defect was defined as nonrestrictive. To indicate growth retardation a variable was introduced to represent whether growth was below the third, between the third and 10th, or above the 10th centile. Values were based on the patient's weight at clinics during the first 1-5 years of life, using standard growth curves. For patients who had surgery to close the defect values were based on measurements obtained during the period before the operation. In addition, a variable was introduced within the group of patients with non-restrictive ventricular septal defect to measure potential growth delay. This was done by calculating the ratio of the amount of growth observed over a period of time to the amount of growth expected over the same period determined from the 50th weight centile. Finally, the use of diuretics was taken as an indicator of a large left to right shunt to categorize the haemodynamic significance of the ventricular septal defect.
Patients and methods

PATIENTS
FOLLOW UP
Forty three patients were managed surgically (table 1) . In 41 patients the ventricular septal defect was repaired with a patch, in one patient by direct suture and one patient with multiple ventricular septal defects by banding of the pulmonary artery. The defect was approached transatrially in all primary repairs.
In 28 patients additional minor structural abnormalities were corrected: in 20 patients a patent foramen ovale was closed, in two patients a previously unknown secundum type atrial septal defect was closed, and in six patients a small ductus arteriosus was ligated. The mean age at surgery was 6-4 months (range 1 to 46 months). A trivial residual ventricular septal defect remained in five patients after surgery.
Two hundred and twenty patients were managed conservatively ( figure) . A significant difference (P < 0-001) was found between the curves for muscular and perimembranous (both with and without extension) ventricular septal defect. After about 1 year of age the probability that a muscular ventricular septal defect will be open is 0-72 (SE 0048; 56 patients remaining). For perimembranous ventricular septal defect this probability is 0-92 (0-031; 61 remaining). In our study a probability of closure of 0 50 (0-065; 17 remaining) is observed at 2-3 years of age only for muscular ventricular septal defect.
SURGICAL MANAGEMENT
Review of the 43 patients who had surgery showed that 41 patients were operated on before the age of 1 year (mean age 5-2 months (range 2 to 12 months)). The remaining two patients were operated on at the age of 1-3 and 3 9 years, respectively. The initial reduction in the left to right shunt during follow up in one patient and a moderate left ventricular volume overload that was not well tolerated in a defect that had become restrictive before the age of 1 year in the other. Table 1 shows that no patient with restrictive ventricular septal defect was operated on and that all patients managed surgically had non-restrictive defect. However, not all patients with initially non-restrictive ventricular septal defect were operated on. To determine the influence of the variables used to characterise ventricular septal defect on whether to operate or manage conservatively the two groups of patients with non-restrictive ventricular septal defect were compared. The surgically managed group showed significantly more growth delay than the conservatively managed group (0-65 (SD 0 27) v 0 9 (0-21); P < 0.001). To determine which of the variables might discriminate between the two management groups a multivariate logistic model was calculated. The analysis is shown in table 3. The only variable significantly associated with increasing odds of operative management was growth of 60% or less of expected growth. No similar significant influence was found for the other variables.
Discussion SURGICAL VERSUS CONSERVATIVE MANAGEMENT
In our study surgical management within the first year of life is expected in one out of every six patients with isolated ventricular septal defect. All patients managed surgically had non-restrictive ventricular septal defect, but not all patients with such defects were managed surgically: a small number of patients with (initially) non-restrictive ventricular septal defect were managed conservatively. Among these patients the size of this defect was reduced and in three of the cases the defect closed spontaneously. These two groups were significantly different only with respect to growth rate ( showed a significant reduction in diameter.5
In most studies muscular ventricular septal defects predominate over perimembranous defects, except in the study by Moe et al. 10 We found that the probability of spontaneous closure is determined by morphology rather than by the size of the defect. Actuarial analysis showed that the probability that a ventricular septal defect will close spontaneously during the first year of life is about 3 5 times higher for ventricular septal defects of the muscular type than for defects characterised as perimembranous. Subarterial ventricular septal defects do not spontaneously reduce in size. After the first year of life both types of defects continue to close spontaneously but at a lower rate.
CONCLUSION
The need for surgical management of isolated ventricular septal defect is mainly determined by the haemodynamic character of the ventricular septal defect. Patients born with non-restrictive defects have a high probability of needing surgery. Because early primary closure is now possible with both low mortality (in our series no patient died) and low morbidity" 12 delaying surgery is no longer indicated when patients present with overt growth delay or cardiac failure. Favourable improvement in postoperative growth after early surgical intervention as described by Weintraub et al supports this policy of early intervention.'3 However, because spontaneous reduction in size or even closure is not influenced by the size of the defect conservative management may be indicated even for large ventricular septal defects, especially if the defect is in the muscular septum, provided that the clinical status of the patient permits a protracted treatment regimen.
We found that the morphology of the ventricular septal defect determines the probability of spontaneous reduction in size and provides an estimate of the period over which this reduction can be expected. Finally, we found that a sophisticated paediatric database management system facilitates clinical research over relatively short periods of follow up, leading to relevant data for decision making.
